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monocytes. These observations demonstrate that a multicomponent , 
multistage malaria vaccine can induce immune responses that inhibit 
parasite development of a multiple stages. The rationale and approach 
used in the development of a multicomponent P. falciparum vaccine will be 
useful in the development of a multispecies human malaria vaccine and 
vaccines against other infectious diseases. 
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AB The highly attenuated NY VAC vaccinia virus strain has been utilized to 
develop a multiantigen, multistage vaccine candidate for malaria, a 
disease that remains a serious global health problem and for which no 
highly effective vaccine exists. Genes encoding seven Plasmodium 
falciparum antigens derived from the sporozoite (circumsporozoite protein 
and sporozoite surface protein 2), liver (liver stage 
antigen 1), blood (merozoite surface protein 1, serine repeat 
antigen, and apical membrane antigen 1), and 

sexual (25-kDa sexual-stage antigen) stages of the parasite life cycle 
were inserted into a single NY VAC genome to generate NYVAC-Pf7. Each of 
the seven antigens was expressed in NYVAC-Pf 7-inf ected culture cells, and 
the genotypic and phenotypic stability of the recombinant virus 
was demonstrated. When inoculated into rhesus monkeys, NYVAC-Pf 7 was safe 
and well tolerated. Antibodies that recognize sporozoites, liver, blood, 
and sexual stages of P. falciparum were elicited. Specific antibody 
responses against four of the P. falciparum antigens (circumsporozoite 
protein, sporozoite surface protein 2, merozoite surface protein 1, and 
25-kDa sexual-stage antigen) were characterized. The results demonstrate 
that NYVAC-Pf7 is an appropriate candidate vaccine for further evaluation 
in human clinical trials . 
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AB A recombinant protein is provided which comprises peptides 

derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. The protein is useful as a reagent and, when combined with a 
pharmaceutically-acceptable vehicle or carrier, is useful as a vaccine 
against the malarial parasite Plasmodium falciparum . A genetic construct 
used to produce this recombinant protein vaccine is also 
described. In addn., antibodies to this recombinant protein are 
provided which are useful for the detection and measurement of peptides 
derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. Thus, antigen CDC/NIIMALVAC-1 was prepd. using a 
baculovirus/Sf 21 cell system and tested as a vaccine. The CDC/NIIMALVAC-1 
antigen contains epitopes from the blood stage (MSP-1, MSP-2, AMA-1, 
EBA-175, and RAP-1), the liver stage (LSA-1), the sporozoite stage (CSP 
and SSP-2), and the gametocyte stage (Pfg27). 
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AB Compared with a single-stage antigen-based vaccine, a multistage and 

multivalent Plasmodium falciparum vaccine would be more efficacious by 
inducing "multiple layers" of immunity. The authors have constructed a 
synthetic gene that encodes for 12 B cell, 6 T cell proliferative, and 3 
cytotoxic T lymphocyte epitopes derived from 9 stage-specific P. 
falciparum antigens corresponding to the sporozoite, liver, erythrocytic 
asexual, and sexual stages. The gene was expressed in the baculovirus 
system, and a 41-kDa antigen, termed CDC/NIIMALVAC-1, was purified. 
Immunization in rabbits with the purified protein in the presence of 
different adjuvants generated antibody responses that recognized vaccine 
antigen, linear peptides contained in the vaccine, and all stages of P. 
falciparum. In vitro assays of protection revealed that the 
vaccine-elicited antibodies strongly inhibited sporozoite invasion of 
hepatoma cells and growth of blood-stage parasites in the presence of 



monocytes. These observations demonstrate that a mult i component , 
multistage malaria vaccine can induce immune responses that inhibit 
parasite development of a multiple stages. The rationale and approach 
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vaccines against other infectious diseases. 

AN 1999:150918 CAPLUS 

DN 130:310369 

TI Immunogenicity and in vitro protective efficacy of a recombinant 

multistage Plasmodium falciparum candidate vaccine 
AU Shi, Ya Ping; Hasnain, Seyed E.; Sacci, John B.; Holloway, Brian P.; 

Fujioka, Hisashi; Kumar, Nirbhay; Wohlhueter, Robert; Hoffman, Stephen L.; 

Collins, William E . ; Lai, Altaf A. 
CS Division of Parasitic Diseases, Centers for Disease Control and 

Prevention, National Centers for Infectious Diseases, Atlanta, GA, 30333, 

USA 

SO Proceedings of the National Academy of Sciences of the United States of 

America (1999), 96(4), 1615-1620 

CODEN: P NASA 6; ISSN: 0027-8424 
PB National Academy of Sciences 
DT Journal 
LA English 

RE.CNT 33 THERE ARE 33 CITED REFERENCES AVAILABLE FOR THIS RECORD 
ALL CITATIONS AVAILABLE IN THE RE FORMAT 

LI 8 ANSWER 3 OF 4 US PAT FULL 

AB An IgGl monoclonal antibody, Navy Yoelii Liver Stage 3 (NYLS3) does not 

recognize sporozoites, but recognizes P. yoelii liver stage parasites 
within 6 hours of invasion of mouse hepatocytes, and throughout the 
hepatic and asexual erythrocytic stages of the life cycle. When added to 
primary cultures of mouse hepatocytes 24 hours after inoculation with P. 
yoelii sporozoites, when all sporozoites have invaded hepatocytes, NYLS3 
eliminates up to 98% of liver stage parasites. Intravenous injection of 
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recognized by this mAb is identified and designated P. yoelii hepatic 
and erythrocytic stage protein, 17-kDa or PyHEP17. The gene encoding 
PyHEP17 and a DNA vaccine comprising exons of the DNA that encodes 
PyHEP17 are disclosed. A DNA vaccine consisting of exon 1 and part of 
exon 2 of the gene encoding PyHEP17 protects 86% of A/J mice, 33%-43% of 
B10. BR mice, 17%-29% of BALB/c mice and 14%-20% of B10.Q mice from 
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AB The highly attenuated NYVAC vaccinia virus strain has been utilized to 
develop a multiantigen, multistage vaccine candidate for malaria, a 
disease that remains a serious global health problem and for which no 
highly effective vaccine exists. Genes encoding seven Plasmodium 
falciparum antigens derived from the sporozoite (circumsporozoite protein 
and sporozoite surface protein 2), liver (liver stage 
antigen 1), blood (merozoite surface 

protein 1, serine repeat antigen, and apical membrane antigen 1), 

and sexual (25-kDa sexual-stage antigen) stages of the parasite life cycle 

were inserted into a single NYVAC genome to generate NYVAC-Pf7. Each of 

the seven antigens was expressed in NYVAC-Pf 7-infected culture cells, and 

the genotypic and phenotypic stability of the recombinant virus 

was demonstrated. When inoculated into rhesus monkeys, NYVAC-Pf7 was safe 

and well tolerated. Antibodies that recognize sporozoites, liver, blood, 

and sexual stages of P. falciparum were elicited. Specific antibody 

responses against four of the P. falciparum antigens (circumsporozoite 

protein, sporozoite surface protein 2, merozoite surface 

protein 1, and 25-kDa sexual-stage antigen) were characterized. 

The results demonstrate that NYVAC-Pf7 is an appropriate candidate vaccine 

for further evaluation in human clinical trials. 
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AB A recombinant protein is provided which comprises peptides 

derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. The protein is useful as a reagent and, when combined with a 
pharmaceutically-acceptable vehicle or carrier, is useful as a vaccine 
against the malarial parasite Plasmodium falciparum . A genetic construct 
used to produce this recombinant protein vaccine is also 
described. In addn., antibodies to this recombinant protein are 
provided which are useful for the detection and measurement of peptides 
derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. Thus, antigen CDC/NIIMALVAC-1 was prepd. using a 
baculovirus/Sf 21 cell system and tested as a vaccine. The CDC/NIIMALVAC-1 
antigen contains epitopes from the blood stage (MSP-1, MSP-2, AMA-1, 
EBA-175, and RAP-1), the liver stage (LSA-1), the sporozoite stage (CSP 
and SSP-2), and the gametocyte stage (Pfg27) . 
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AB Compared with a single-stage antigen-based vaccine, a multistage and 

multivalent Plasmodium falciparum vaccine would be more efficacious by 
inducing "multiple layers" of immunity. The authors have constructed a 
synthetic gene that encodes for 12 B cell, 6 T cell proliferative, and 3 
cytotoxic T lymphocyte epitopes derived from 9 stage-specific P. 
falciparum antigens corresponding to the sporozoite, liver, erythrocytic 
asexual, and sexual stages. The gene was expressed in the baculovirus 
system, and a 41-kDa antigen, termed CDC/NIIMALVAC-1, was purified. 
Immunization in rabbits with the purified protein in the presence of 
different adjuvants generated antibody responses that recognized vaccine 
antigen, linear peptides contained in the vaccine, and all stages of P. 
falciparum. In vitro assays of protection revealed that the 
vaccine-elicited antibodies strongly inhibited sporozoite invasion of 
hepatoma cells and growth of blood-stage parasites in the presence of 
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A recombinant protein is provided which comprises peptides 
derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. The protein is useful as a reagent and, when combined with a 
pharmaceutically-acceptable vehicle or carrier, is useful as a vaccine 
against the malarial parasite Plasmodium falciparum . A genetic construct 
used to produce this recombinant protein vaccine is also 
described. In addn., antibodies to this recombinant protein are 
provided which are useful for the detection and measurement of peptides 
derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. Thus, antigen CDC/NIIMALVAC-1 was prepd. using a 
baculovirus/Sf 21 cell system and tested as a vaccine. The CDC/NIIMALVAC-1 
antigen contains epitopes from the blood stage (MSP-1, MSP-2, AMA-1, 
EBA-175, and RAP-1), the liver stage (LSA-1) , the sporozoite stage (CSP 
and SSP-2), and the gametocyte stage (Pfg27) . 
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AB Compared with a single-stage antigen-based vaccine, a multistage and 

multivalent Plasmodium falciparum vaccine would be more efficacious by 
inducing "multiple layers" of immunity. The authors have constructed a 
synthetic gene that encodes for 12 B cell, 6 T cell proliferative, and 3 
cytotoxic T lymphocyte epitopes derived from 9 stage-specific P. 
falciparum antigens corresponding to the sporozoite, liver, erythrocytic 
asexual, and sexual stages. The gene was expressed in the baculovirus 
system, and a 41-kDa antigen, termed CDC/NIIMALVAC-1, was purified. 
Immunization in rabbits with the purified protein in the presence of 
different adjuvants generated antibody responses that recognized vaccine 
antigen, linear peptides contained in the vaccine, and all stages of P. 
falciparum. In vitro assays of protection revealed that the 
vaccine-elicited antibodies strongly inhibited sporozoite invasion of 
hepatoma cells and growth of blood-stage parasites in the presence of 



monocytes. These observations demonstrate that a multicomponent , 
multistage malaria vaccine can induce immune responses that inhibit 
parasite development of a multiple stages. The rationale and approach 
used in the development of a multicomponent P.. falciparum vaccine will be 
useful in the development of a multispecies human malaria vaccine and 
vaccines against other infectious diseases. 
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AB A recombinant protein is provided which comprises peptides 

derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. The protein is useful as a reagent and, when combined with a 
pharmaceutically-acceptable vehicle or carrier, is useful as a vaccine 
against the malarial parasite Plasmodium falciparum . A genetic construct 
used to produce this recombinant protein vaccine is also 
described. In addn., antibodies to this recombinant protein are 
provided which are useful for the detection and measurement of peptides 
derived from different stages in the life cycle of the parasite Plasmodium 
• falciparum. Thus, antigen CDC/NIIMALVAC-1 was prepd. using a 

baculovirus/Sf 21 cell system and tested as a vaccine. The CDC/NIIMALVAC-1 
' antigen contains epitopes from the blood stage (MSP-1, MSP-2, AMA-1, 
EBA-175, and RAP-1) , the liver stage (LSA-1), the sporozoite stage (CSP 
and SSP-2), and the gametocyte stage (Pfg27) . 
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L38 ANSWER 2 OF 6 CAPLUS COPYRIGHT 2002 ACS 

AB Compared with a single-stage antigen-based vaccine, a multistage and 

multivalent Plasmodium falciparum vaccine would be more efficacious by 
inducing "multiple layers" of immunity. The authors have constructed a 
synthetic gene that encodes for 12 B cell, 6 T cell proliferative, and 3 
cytotoxic T lymphocyte epitopes derived from 9 stage-specific P. 
falciparum antigens corresponding to the sporozoite, liver, erythrocytic 
asexual, and sexual stages. The gene was expressed in the baculovirus 
system, and a 41-kDa antigen, termed CDC/NIIMALVAC-1, was purified. 
Immunization in rabbits with the purified protein in the presence of 
different adjuvants generated antibody responses that recognized vaccine 
antigen, linear peptides contained in the vaccine, and all stages of P. 
falciparum. In vitro assays of protection revealed that the 
vaccine-elicited antibodies strongly inhibited sporozoite invasion of 
hepatoma cells and growth of blood-stage parasites in the presence of 



monocytes. These observations demonstrate that a multicomponent , 
multistage malaria vaccine can induce immune responses that inhibit 
parasite development of a multiple stages. The rationale and approach 
used in the development of a multicomponent P. falciparum vaccine will be 
useful in the development of a multispecies human malaria vaccine and 
vaccines against other infectious diseases. 
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L38 ANSWER 3 OF 6 BIOSIS COPYRIGHT 2002 BIOLOGICAL ABSTRACTS INC . DUPLICATE 1 
AB The processing and localization of Plasmodium falciparum rhoptry 
-associated protein 1 (RAP-1) products were examined 
using polyclonal and monoclonal antibodies raised to a recombinant 
protein containing residues 1-294 of RAP-1. Immunoblot and epitope mapping 
results with antibodies that selectively bound epitopes in the RAP-1 
products Pr86, p82, and p67 showed that p82 and p67 are formed from Pr86 
by progressive removal of epitopes from the amino-terminus of the RAP-1 
coding sequence. The capacity of Pr86 to form complexes was revealed after 
size fractionation of parasite proteins radiolabeled in the presence of 
brefeldin A to prevent processing of Pr86. Fractions containing complexed 
Pr86 also contained the RAP-2 product p39 and the RAP-3 product p37, 
suggesting that Pr86, p39 and p37 may form complexes similar to complexes 
previously reported for p82 and p67 with p39 or p37 . Immunofluorescence 
localization and immunoblot studies revealed that Pr86 is present in the 
rhoptries, but only transiently, and that it is not detected in segmenting 
schizonts or extracellular merozoites. p67 and p82, on the other hand, 
were shown to be major RAP-1 components in purified merozoites. Neither 
p67 nor p82 were relocalized from the intracellular rhoptries to the 
merozoite surface under conditions that promoted relocalization of the 
rhoptry protein PF83/apical membrane antigen 

1. These results suggest that processing of Pr86 begins after Pr86 
complexes are transported to the forming rhoptries and that two 
site-selective processing reactions occur in the rhoptries, a rapid 
cleavage of Pr86 to p82 and a delayed cleavage of p82 to p67. Since p67 is 
missing from ring-stage parasites (Howard et al . , Am J Trop Med Hyg, 
1984;33:1055-59), the present results indicate there is a narrow time 
during which p67 may play a role in merozoite invasion of erythrocytes. 
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L38 ANSWER 4 OF 6 BIOSIS COPYRIGHT 2002 BIOLOGICAL ABSTRACTS INC . DUPLICATE 2 
AB PfPK4, a protein kinase gene from the human malarial parasite Plasmodium 
falciparum, has been cloned utilizing oligonucleotide probing. The gene 
encodes a protein of a predicted length of 1123 amino acids, and within 
this amino acid sequence all the conserved regions characteristic of 
protein kinases can be identified. The catalytic kinase domain possesses 
highest identities (34-37%) with eukaryotic initiation f actor-2alpha 
(eIF-2alpha) kinases, especially haem-regulated inhibitory (HRI) protein 
kinases. There are two kinase inserts in PfPK4, located at positions 
common to eIF-2alpha kinases. The first insert separates kinase subdomains 
IV and VI by 559 amino acids, and the second subdomains VII and VIII by 41 
amino acids. Both inserts are larger than their homologues in eIF-2alpha 
kinases. The sequence of PfPK4 has one putative haemin-binding site. The 
recombinant protein, expressed in Escherichia coli, phosphorylates 
a synthetic peptide representing a substrate of eIF-2alpha kinases. 
Autophosphorylation and substrate phosphorylation are inhibited by haemin. 
Thus PfPK4 appears to be the first protozoan protein kinase related to 
eIF-2alpha kinases and might be the first non-mammalian HRI kinase. 
Western blots indicated that the protein is expressed as major forms of 80 
and 90 kDa. Whereas the 80 kDa form is present throughout the 
intraerythrocytic development and in merozoites, the two 90 kDa forms are 
only found in mature parasites. One of the latter is also present in the 
membrane fraction of erythrocytes harbouring segmenters. Confocal 
microscopy detected the protein distributed throughout the trophozoite, 
whereas it was found in discrete foci (punctate distribution) in 
segmenters. PfPK4 co-localizes with P. falciparum 83 kDa antigen/ 
apical membrane antigen- 1 at the apical 

complex in segmenters and merozoites, but does not co-localize with 

rhoptry-associated protein-1. 
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L38 ANSWER 5 OF 6 EMBASE COPYRIGHT 2002 ELSEVIER SCI. B.V. 

AB Because of the increasing problems of resistance to chemicals and chemical 
residues, preventative vaccination has increasing appeal as a way to 
control parasite infestations in humans and in animals. Such vaccines are 
now feasible through the application of genetic engineering technology to 
allow production of parasite protective antigens in microorganisms in 
commercially viable quantities at an acceptable cost. This concept is 
illustrated by describing research toward subunit vaccines against human 
malaria (P. falciparum) and against the tropical cattle tick (B. 
microplus) . Although the concept is straightforward, difficulties include 
the identification of a protective antigen, refolding of the initial 
microbial product to achieve the native conformation, and its formulation 
to produce a vaccine eliciting an adequate and appropriate immune 
response . 
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37 ANSWER 1 OF 5 USPATFULL 

AB Compositions that inhibit the binding of Plasmodium falciparum to 

erythrocytes include a family of erythrocyte binding proteins (EBPs) . 
The EBPs are paralogues of the P. falciparum binding protein EBA-175. 
The present invention includes peptides of the paralogues that prevent 
the binding of P. falciparum. Antibodies specific for each paralogue 
that also prevent the binding of P. falciparum are also included. 
Methods of the invention utilize the paralogues, antibodies thereof and 
peptide compositions for the diagnosis, prevention, and treatment of P. 
falciparum diseases such as malaria, as well as methods for the 
detection of P. falciparum in biological samples and culture media. 
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L37 ANSWER 2 OF 5 BIOSIS COPYRIGHT 2002 BIOLOGICAL ABSTRACTS INC . DUPLICATE 1 
AB Malaria parasites invade erythrocytes in a process mediated by a series of 
molecular interactions . Invasion of human erythrocytes by Plasmodium vivax 
is dependent upon the presence of a single receptor, but P. falciparum, as 
well as some other species, exhibits the ability to utilize multiple 
alternative pathways. Conserved cysteine-rich domains play important roles 
at critical times during this invasion process and at other stages in the 
life cycle of malaria parasites. Duffy-binding-like (DBL) domains, 
expressed as a part of the erythrocyte-binding proteins (DBL-EBP), are 
such essential cysteine-rich ligands that recognize specific host cell 
surface receptors. DBL-EBP, which are products of the erythrocyte-binding- 
like (ebl) gene family act as critical determinants of erythrocyte 
specificity and are the best-defined ligands from invasive stages of 
malaria parasites. The ebl genes include the P. falciparum 
erythrocyte-binding antigen-175 (EBA-175) and 

P. vivax Duffy-binding protein. DBL domains also mediate cytoadherence as 
a part of the variant erythrocytic membrane protein-1 (PfEMP-1) antigens 
expressed from var genes on the surface of P. f alciparum-inf ected 
erythrocytes. A paralogue of the ebl family is the malarial ligand MAEBL, 
which has a chimeric structure where the DBL domain is 

functionally replaced with a distinct cysteine-rich erythrocyte-binding 
domain with similarity to the apical membrane 
antigen-1 (AMA-1) ligand domain. The Plasmodium AMA-1 ligand 
domain, which encompasses the extracellular cysteine domains 1 and 2 and 
is well conserved in a Toxoplasma gondii AMA-1, has erythrocyte-binding 
activity distinct from that of MAEBL. These important families of 
Plasmodium molecules (DBL-EBP, PfEMP-1, MAEBL, AMA-1) are interrelated 
through the MAEBL. Because MAEBL and the other ebl products have the 
characteristics expected of homologous ligands involved in equivalent 
alternative invasion pathways to each other, we sought to better 
understand their roles during invasion by determining their relative 
origins in the Plasmodium genome. An analysis of their multiple 
cysteine-rich domains permitted a unique insight into the evolutionary 
development of Plasmodium. Our data indicate that maebl, ama-1, and ebl 
genes have ancient origins which predate Plasmodium speciation. The maebl 
evolved as a single locus, including its unique chimeric 

structure, in each Plasmodium species, in parallel with the ama-1 and the 



ebl genes families. The ancient character of maebl, along with its 
different expression characteristics suggests that MAEBL is unique and 
does not play an alternative role in invasion to ebl products such as 
EBA-175. The multiple P. falciparum ebl paralogues that express DBL 
domains, which have occurred by duplication and diversification, 
potentially do provide multiple functionally equivalent ligands to EBA-175 
for alternative invasion pathways. 
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L37 ANSWER 3 OF 5 CAPLUS COPYRIGHT 2002 ACS 

AB A recombinant protein is provided which comprises peptides 

derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. The protein is useful as a reagent and, when combined with a 
pharmaceutically-acceptable vehicle or carrier, is useful as a vaccine 
against the malarial parasite Plasmodium falciparum . A genetic construct 
used to produce this recombinant protein vaccine is also 
described. In addn., antibodies to this recombinant protein are 
provided which are useful for the detection and measurement of peptides 
derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. Thus, antigen CDC/NIIMALVAC-1 was prepd. using a 
baculovirus/Sf 21 cell system and tested as a vaccine. The CDC/NIIMALVAC-1 
antigen contains epitopes from the blood stage (MSP-1, MSP-2, AMA-1, 
EBA-175, and RAP-1), the liver stage (LSA-1), the sporozoite stage (CSP 
and SSP-2), and the gametocyte stage (Pfg27) . 
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L37 ANSWER 4 OF 5 CAPLUS COPYRIGHT 2002 ACS 

AB Compared with a single-stage antigen-based vaccine, a multistage and 

multivalent Plasmodium falciparum vaccine would be more efficacious by 
inducing "multiple layers" of immunity. The authors have constructed a 
synthetic gene that encodes for 12 B cell, 6 T cell proliferative, and 3 
cytotoxic T lymphocyte epitopes derived from 9 stage-specific P. 
falciparum antigens corresponding to the sporozoite, liver, erythrocytic 
asexual, and sexual stages. The gene was expressed in the baculovirus 
system, and a 41-kDa antigen, termed CDC/NIIMALVAC-1, was purified. 
Immunization in rabbits with the purified protein in the presence of 
different adjuvants generated antibody responses that recognized vaccine 
antigen, linear peptides contained in the vaccine, and all stages of P. 
falciparum. In vitro assays of protection*- revealed that the 
vaccine-elicited antibodies strongly inhibited sporozoite invasion of 
hepatoma cells and growth of ^-blood-stage parasites in the presence of 
monocytes. These observations demonstrate that a multicomponent , 
multistage malaria vaccine can induce immune responses that inhibit 
parasite development of a multiple stages. The rationale and approach 
used in the development of a multicomponent P. falciparum vaccine will be 
useful in the development of a multispecies human malaria vaccine and 
vaccines against other infectious diseases. 
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L37 ANSWER 5 OF 5 EMBASE COPYRIGHT 2002 ELSEVIER SCI. B . V . DUPLICATE 2 
AB Recently it has become evident that the same candidate antigen can be 
shared by several of the parasite stages, and thus the concept of a 
multistage vaccine is becoming more and more attractive. A TDR Task Force 
evaluated the promise and stage of development of some 20 existing asexual 
blood stage candidate antigens and prepared a strategy for their 
development leading to clinical testing and field trials. Amongst these 
are merozoite surface protein 1 (MSP-1), Serine Rich Antigen (SERA), 
Apical Membrane Antigen (AMA-1), and 
Erythrocyte Binding Antigen (EBA) . A field 

study conducted in Tanzanian children showed that the SPf66 Colombian 
vaccine was safe, induced antibodies, and reduced the risk of developing 
clinical malaria by around 30%. This study, confirmed the potential of the 
vaccine to confer partial protection in areas of high as well as low 
intensity of transmission. Pfs25 is a leading candidate antigen for a 
transmission blocking vaccine. It is found in the ookinete stage of the 
parasite in the mosquito midgut. Gramme amounts of GMP-grade material have 
been produced and a vaccine based on the Pfs25 antigen formulated with 
alum should have gone into phase I and II clinical trials in the USA and 



Africa during 1995. Because the first malaria prototype vaccine to be 
tried out in people on a large scale has been the polymerized synthetic 
peptide developed by patarroye on the basis of the SPf66 antigen of P. 
falciparum, the results are with much interest. It is still premature to 
predict the effectiveness of this vaccine globally, but its development 
will encourage further progress in a field that has repeatedly been 
characterized by raised and then dashed drops. These various vaccines are 
based on the classical approach to vaccination, which is to raise host 
immunity against the parasite so as to reduce parasite densities or to 
sterilize an infection. A newer approach is development of antidisease 
vaccines which aim to alleviate morbidity by suppressing immunopathology 
in the host. Antidisease vaccines are based on neutralizing parasite 
components that induce host pathology, leaving the parasite itself 
directly unaffected. These effects would accru when each type of the 
disease is considered by itself; however, synergistic effects may be 
expected when they are used in combination. The rational for vaccines 
based on any of these stages was that immunization of various hosts with 
whole parasites of each of these stages has been able to induce protection 
or total transmission-blocking immunity. Less significant but not to be 
discounted is the fact that natural malaria infections in humans have been 
shown to induce immunity against every one of these parasite stages that 
are present only in the mosquito vector with component molecules not 
presented to the human host, such as exclusively ookinete antigens. For 
several very apparent reasons a vaccine today is conceived of as subunit 
as opposed to show 1 parasite vaccines, either in the form of a 
recombinant product or as synthetic peptide constructs. Genes 
coding for several antigens of P. falciparum and some of P. vivax have 
been seems to be common to many Plasmodium antigens; this is that they 
contain tandem repeats of oligopeptide sequences which often code for 
immunodominant epitopes . Following several decades of research on malaria 
vaccine development, the field at a glace may present a conflicting 
picture, with several achievements, and some disappointments and 
controversies. Issues facing the development of a malaria vaccine are 
complex. It is not clear how far we may yet be from achieving this goal. 
The work of the past decades has laid an extensive foundation of relevant 
knowledge and technologies, and the goal itself remains as important as 
ever, will scientists remain committed to this objective?. 

AN 97032651 EMBASE 

DN 1997032651 

TI Malaria vaccine. 

AU Khurana S.K.; Talib V.H. 

CS S.K. Khurana, Department of Laboratory Medicine, Safdarjang Hospital, New 

Delhi 110 029, India 
SO Indian Journal of Pathology and Microbiology, (1996) 39/5 (433-442). 

ISSN: 0377-4929 CODEN : IJPBAR 
CY India 

DT Journal; Conference Article 
FS 004 Microbiology 

026 Immunology, Serology and Transplantation 

037 Drug Literature Index 

LA English 
SL English 



=> 



V 



L30 ANSWER 1 OF 6 SCISEARCH COPYRIGHT 2002 ISI (R) 

AB Merozoite surface protein 4 (MSP4) of 

Plasmodium falciparum is a glycosylphosphatidylinositol-anchored integral 
membrane protein that is being developed as a component of a subunit 
vaccine against malaria. We report here the measurement of naturally 
acquired antibodies to MSP4 in a population of individuals living in the 
Khanh-Hoa region of Vietnam, an area where malaria is highly endemic. 
Antibodies to MSP4 were detected in 94% of the study population at titers 
of 1:5,000 or greater. Two forms of recombinant MSP4 produced in 
either Escherichia call or Saccharomyces cerevisiae were compared as 
substrates in the enzyme-linked immunosorbent assay. There was an 
excellent correlation between reactivity measured to either, although the 
yeast substrate was recognized by a higher percentage of sera. Four 
different regions of MSP 1 were recognized by human antibodies, 
demonstrating that there are at least four distinct epitopes in this 
protein, In the carboxyl terminus, where the single epidermal growth 
factor-like domain is located, the reactive epitope (s) was shown to be 
conformation dependent, as disruption of the disulfide bonds almost 
completely abolished reactivity with human antibodies. The anti-MSP4 
antibodies were mainly of the immunoglobulin Gl (IgGl) and IgG3 
subclasses, suggesting that such antibodies may play a role in 
opsonization and complement-mediated lysis of free merozoites. Individuals 
in the study population were drug-cured and followed up for 6 months; no 
significant correlation was observed between the anti-MSPl antibodies and 
the absence of parasitemia during the surveillance period. As a 
comparison, antibodies to MSPI19 a leading vaccine candidate, were 
measured, and no correlation with protection was observed in these 
individuals. The anti-MSPl ( 19) antibodies were predominantly of the IgGl 
isotype, in contrast to the IgG3 predominance noted for MSP4 . 
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AB A recombinant protein is provided which comprises peptides 

derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. The protein is useful as a reagent and, when combined with a 
pharmaceutically-acceptable vehicle or carrier, is useful as a vaccine 
against the malarial parasite Plasmodium falciparum . A genetic construct 
used to produce this recombinant protein vaccine is also 
described. In addn., antibodies to this recombinant protein are 
provided which are useful for the detection and measurement of peptides 
derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. Thus, antigen CDC/NIIMALVAC-1 was prepd. using a 
baculovirus/Sf21 cell system and tested as a vaccine. The CDC/NIIMALVAC-1 
antigen contains epitopes from the blood stage (MSP-1, MSP-2, AMA-1, 
EBA-175, and RAP-1), the liver stage (LSA-1), the sporozoite stage (CSP 
and SSP-2), and the gametocyte stage (Pfg27) . 
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L30 ANSWER 3 OF 6 CAPLUS COPYRIGHT 2002 ACS 

AB Compared with a single-stage antigen-based vaccine, a multistage and 

multivalent Plasmodium falciparum vaccine would be more efficacious by 
inducing "multiple layers" of immunity. The authors have constructed a 
synthetic gene that encodes for 12 B cell, 6 T cell proliferative, and 3 
cytotoxic T lymphocyte epitopes derived from 9 stage-specific P. 
falciparum antigens corresponding to the sporozoite, liver, erythrocytic 
asexual, and sexual stages. The gene was expressed in the baculovirus 
system, and a 41-kDa antigen, termed CDC/NIIMALVAC-1, was purified. 
Immunization in rabbits with the purified protein in the presence of 
different adjuvants generated antibody responses that recognized vaccine 
antigen, linear peptides contained in the vaccine, and all stages of P. 
falciparum. In vitro assays of protection revealed that the 
vaccine-elicited antibodies strongly inhibited sporozoite invasion of 
hepatoma cells and growth of blood-stage parasites in the presence of 
monocytes. These observations demonstrate that a multicomponent , 
multistage malaria vaccine can induce immune responses that inhibit 
parasite development of a multiple stages. The rationale and approach 
used in the development of a .multicomponent P. falciparum vaccine will be 
useful in the development of a multispecies human malaria vaccine and 
vaccines against other infectious diseases. 
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L30 ANSWER 4 OF 6 BIOSIS COPYRIGHT 2002 BIOLOGICAL ABSTRACTS INC . DUPLICATE 1 
AB Naturally occurring antibody responses to Plasmodium falciparum 
rhoptry- associated proteins 1 and 2 (RAP-1 and 

RAP-2) were measured with recombinant and parasite-derived forms 
of the antigens. For comparative purposes, responses to multiple forms of 
three other malarial antigens were also examined. The sera of 100 Papua 
New Guineans were screened for antibodies. Eighty-six and 82% of 
individuals over 30 years of age had antibodies that recognized 
parasite-derived RAP-1 and RAP-2, respectively. Importantly, we found that 
recombinant and native antigens share linear epitopes seen by the 
human immune system; thus, the recombinant proteins may be 
adequate human immunogens. However, antibodies affinity purified on 
recombinant RAP-1 reacted with other antigens in addition to 
parasite-derived RAP-1. Thus, the antigenicity of RAP-1 may have been 
overestimated previously. The recognition of RAP-1 and RAP-2 correlated 
with age and with the recognition of recombinant forms of the 
ring-infected erythrocyte surface antigen, merozoite 
surface protein 1, and merozoite surface antigen 2 

(MSA2) antigens. Antibodies to these antigens appear to be generated in 
response to the total exposure to malaria of the host. Antibodies to 
conserved regions of MSA2 had stronger correlations with both age and the 
recognition of other antigens than did the full-length recombinant 
MSA2 molecule. In contrast to results with the other antigens, there was 
no significant difference in the ages of individuals with a certain 
antibody titer to the full-length recombinant or 

parasite-derived MSA2 molecule, but antibodies to these two antigens did 
correlate with parasitemia. For all antigens tested, antibody levels after 
two infections can approach the peak levels of antibodies obtained in 
immune individuals. 
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AB Antigenic surface proteins from the intraerythrocytic merozoite stage of 

Babesia bigemina have been isolated using cell fusions and 
monoclonal antibodies produced thereby. The gene encoding a 58 kD 
surface protein has been identified and the DNA sequence determined and 
compared with sequences of other known merozoite proteins. Immunization 
of mammals, such as bovines, with purified isolates induces an 
immunological response that is effective to reduce pathological effects 
of babesiosis induced by Babesia bigemina. Diagnostic kits using 
monoclonal antibodies and antigenic surface proteins of Babesia bigemina 
are also disclosed. 
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L30 ANSWER 6 OF 6 BIOSIS COPYRIGHT 2002 BIOLOGICAL ABSTRACTS INC. 

AB Live vectors expressing foreign antigens have been used to induce immunity 
against several pathogens. However, for the virulent rodent malaria 
parasite Plasmodium yoelii, the use of recombinant vaccinia 
virus, pseudorabies virus, or Salmonella, expressing the circumsporozoite 
protein of this parasite, failed to induce protection. We generated a 
recombinant influenza virus expressing an epitope from the 
circumsporozoite protein of P. yoelii known to be recognized by CD8+ T 
cells and demonstrated that this vector induced class I major 
histocompatibility complex-restricted cytotoxic T cells against this 
foreign epitope. Immunization of mice with this recombinant 
influenza virus, followed by a recombinant vaccinia virus 
expressing the entire circumsporozoite protein, induced protective 
immunity against sporozoite-induced malaria. The sequence of immunization 
appears to be crucial, since a primer injection with recombinant 
vaccinia virus, followed by a booster injection with recombinant 
influenza virus, failed to induce protection - . The protection induced by 
immunization with these recombinant viruses is mostly mediated 
by CD8+ T cells, as treatment of mice with anti-CD8 monoclonal antibody 
abolishes the anti-malarial immunity. The use of different live vectors 
for primer and booster injections has a synergistic effect on the immune 
response and might represent an effective general strategy for eliciting 
protective immune responses to key antigens of microbial pathogens. 
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AU Li, Shengqiang; Rodrigues, Mauricio; Rodriguez, Dolores; Rodriguez, Juan 

Ramon; Esteban, Mariano; Palese, Peter; Nussenzweig, Ruth S.; Zavala, 

Fidel (1) 

CS (1) 341 East 25th Street, New York, NY 10010 USA 

SO Proceedings of the National Academy of Sciences of the United States of 

America, (1993) Vol. 90, No. 11, pp. 5214-5218. 

ISSN: 0027-8424. 
DT Article 
LA English 



=> 



L28 ANSWER 1 OF 6 SCISEARCH COPYRIGHT 2002 ISI (R) 

AB Aotus monkeys received 4 doses of Plasmodium falciparum EBA- 175 region 

II vaccine as plasmid DNA (Dv- Dv) or recombinant protein in 
adjuvant (Pv- Pv) or as 3 doses of DNA and 1 dose of protein (Dv- Pv) . 
After 3 doses, antibody titers were similar to 10(4) in DNA- immunized 
monkeys and 10(6) in protein- immunized monkeys. A fourth dose did not 
significantly boost antibody responses in the Dv- Dv only or Pv- Pv only 
groups, but titers were boosted to similar to 10(6) in monkeys in the Dv- 
Pv group. Four weeks after the last immunization, the animals were 
challenged with 10(4) P. falciparum- parasitized erythrocytes. Peak levels 
of parasitemia were lower in the 16 monkeys that received region II- 
containing plasmids or proteins than in the 16 controls (geometric mean: 
194,178 and 410,110 parasites/muL, respectively; P = .013, Student's t 
test). Three of 4 monkeys in the Dv-Pv group did not require treatment. 
These data demonstrate that immunization with EBA- 175 region II induces a 
significant antiparasite effect in vivo. 
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AB A recombinant protein is provided which comprises peptides 

derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. The protein is useful as a reagent and, when combined with a 
pharmaceutically-acceptable vehicle or carrier, is useful as a vaccine 
against the malarial parasite Plasmodium falciparum . A genetic construct 
used to produce this recombinant protein vaccine is also 
described. In addn., antibodies to this recombinant protein are 
provided which are useful for the detection and measurement of peptides 
derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. Thus, antigen CDC/NIIMALVAC-1 was prepd. using a 
baculovirus/Sf21 cell system and tested as a vaccine. The CDC/NIIMALVAC-1 
antigen contains epitopes from the blood stage (MSP-1, MSP-2, AMA-1, 
EBA-175, and RAP-1), the liver stage (LSA-1), the sporozoite stage (CSP 
and SSP-2), and the gametocyte stage (Pfg27). 
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L28 ANSWER 3 OF 6 SCISEARCH COPYRIGHT 2002 ISI (R) 

AB Invasion of human erythrocytes by Plasmodium falciparum merozoites is a 

multistep process, For many strains of the parasite, part of this process 
requires that the erythrocyte binding antigen 

175 (EBA-175) of the merozoite binds to sialic acid residues of 
glycophorin A on the erythrocyte surface, a receptor-ligand interaction 
which represents a potential target for inhibition by antibodies. This 
study characterizes the reactivity of naturally acquired human antibodies 
with four recombinant proteins representing parts of EBA-175 
(region II, regions III to V, and the dimorphic C and F segment region) in 
populations in which the organism is endemic, Serum immunoglobulin G (IgG) 
recognizing the recombinant proteins is predominantly of the 
IgGl and IgG3 subclasses, and its prevalence increases with age. In a 
large population study in The Gambia, serum positivity for IgG or IgGl and 
IgG3 subclass antibodies to each of the EBA-175 recombinant 
antigens was not significantly associated with subsequent protection from 
clinical malaria. However, there was a trend indicating that individuals 
with high Levels of IgG to region II may have some protection. 
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L28 ANSWER 4 OF 6 CAPLUS COPYRIGHT 2002 ACS 

AB Compared with a single-stage antigen-based vaccine, a multistage and 

multivalent Plasmodium falciparum vaccine would be more efficacious by 



inducing "multiple layers" of immunity. The authors have constructed a 
synthetic gene that encodes for 12 B cell, 6 T cell proliferative, and 3 
cytotoxic T lymphocyte epitopes derived from 9 stage-specific P. 
falciparum antigens corresponding to the sporozoite, liver, erythrocytic 
asexual, and sexual stages. The gene was expressed in the baculovirus 
system, and a 41-kDa antigen, termed CDC/NIIMALVAC-1, was purified. 
Immunization in rabbits with the purified protein in the presence of 
different adjuvants generated antibody responses that recognized vaccine 
antigen, linear peptides contained in the vaccine, and all stages of P. 
falciparum. In vitro assays of protection revealed that the 
vaccine-elicited antibodies strongly inhibited sporozoite invasion of 
hepatoma cells and growth of blood-stage parasites in the presence of 
monocytes. These observations demonstrate that a multicomponent , 
multistage malaria vaccine can induce immune responses that inhibit 
parasite development of a multiple stages. The rationale and approach 
used in the development of a multicomponent P. falciparum vaccine will be 
useful in the development of a multispecies human malaria vaccine and 
vaccines against other infectious diseases. 
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L28 ANSWER 5 OF 6 SCISEARCH COPYRIGHT 2002 ISI (R) 

AB A vaccine against Plasimodium falciparum malaria is needed now more 

than ever due the resurgence of the parasite and the increase in drug 
resistance. However, success in developing an effective malaria vaccine 
has been elusive. 

Among pre-erythrocytic antigens, the major antigen coating the surface 
of the sporozoite, the circumsporozoite protein (CS), has been, and 
continues to be, the major target for vaccine development. Despite initial 
limited success with CS-based vaccines, the use of new adjuvant 
formulations has led to the development of a promising candidate (the 
RTS,S vaccine) which has shown significant efficacy in a preliminary 
trial. 

In addition to CS, many other malaria antigens have been identified 
that play an important role in the parasite life cycle which are being 
considered for, or are currently undergoing, clinical trials. Among the 
blood stage antigens, the merozoite surface 
protein 1 (MSP-1) is the most promising vaccine candidate. 

New approaches to immunisation against malaria being considered include 
the use of multistage, multicomponent vaccines in attenuated viral vectors 
(NYVAC-Pf7), or in a combination DNA vaccine. 

While there is reason to be optimistic about the prospects for an 
effective vaccine, many challenges lie ahead that still have to be 
overcome. Among these are the antigenic polymorphism exhibited by wild 
parasite strains and the genetic restriction of immune responses. 
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L28 ANSWER 6 OF 6 EMBASE COPYRIGHT 2002 ELSEVIER SCI. B . V. DUPLICATE 1 
AB Recently it has become evident that the same candidate antigen can be 
shared by several of the parasite stages, and thus the concept of a 
multistage vaccine is becoming more and more attractive. A TDR Task Force 
evaluated the promise and stage of development of some 20 existing asexual 
blood stage candidate antigens and prepared a strategy for their 
development leading to clinical testing and field trials. Amongst these 
are merozoite surface protein 1 (MSP-1) , 

Serine Rich Antigen (SERA) , Apical Membrane Antigen (AMA-1), and 
Erythrocyte Binding Antigen (EBA) . A field 

study conducted in Tanzanian children showed that the SPf66 Colombian 
vaccine was safe, induced antibodies, and reduced the risk of developing 
clinical malaria by around 30%. This study, confirmed the potential of the 
vaccine to confer partial protection in areas of high as well as low 
intensity of transmission. Pfs25 is a leading candidate antigen for a 
transmission blocking vaccine. It is found in the ookinete stage of the 
parasite in the mosquito midgut. Gramme amounts of GMP-grade material have 
been produced and a vaccine based on the Pfs25 antigen formulated with 
alum should have gone into phase I and II clinical trials in the USA and 
Africa during 1995. Because the first malaria prototype vaccine to be 
tried out in people on a large scale has been the polymerized synthetic 
peptide developed by patarroye on the basis of the SPf66 antigen of P. 
falciparum, the results are with much interest. It is still premature to 
predict the effectiveness of this vaccine globally, but its development 
will encourage further progress in a field that has repeatedly been 
characterized by raised and then dashed drops. These various vaccines are 
based on the classical approach to vaccination, which is to raise host 
immunity against the parasite so as to reduce parasite densities or to 
sterilize an infection, A newer approach is development of antidisease 
vaccines which aim to alleviate morbidity by suppressing immunopathology 
in the host. Antidisease vaccines are based on neutralizing parasite 
components that induce host pathology, leaving the parasite itself 
directly unaffected. These effects would accru when each type of the 
disease is considered by itself; however, synergistic effects may be 
expected when they are used in combination. The rational for vaccines 
based on any of these stages was that immunization of various hosts with 
whole parasites of each of these stages has been able to induce protection 
or total transmission-blocking immunity. Less significant but not to be 
discounted is the fact that natural malaria infections in humans have been 
shown to induce immunity against every one of these parasite stages that 
are present only in the mosquito vector with component molecules not 
presented to the human host, such as exclusively ookinete antigens. For 
several very apparent reasons a vaccine today is conceived of as subunit 
as opposed to show 1 parasite vaccines, either in the form of a 
recombinant product or as synthetic peptide constructs. Genes 
coding for several antigens of P. falciparum and some of P. vivax have 
been seems to be common to many Plasmodium antigens; this is that they 
contain tandem repeats of oligopeptide sequences which often code for 
immunodominant epitopes. Following several decades of research on malaria 
vaccine development, the field at a glace may present a conflicting 



picture, with several achievements, and some disappointments and 
controversies. Issues facing the development of a malaria vaccine are 
complex. It is not clear how far we may yet be from achieving this goal. 
The work of the past decades has laid an extensive foundation of relevant 
knowledge and technologies, and the goal itself remains as important as 
ever, will scientists remain committed to this objective?. 

AN 97032651 EMBASE 

DN 1997032651 

TI Malaria vaccine. 

AU Khurana S.K.; Talib V.H. 

CS S.K. Khurana, Department of Laboratory Medicine, Safdarjang Hospital, New 

Delhi 110 029, India 
SO Indian Journal of Pathology and Microbiology, (1996) 39/5 (433-442) . 

ISSN: 0377-4929 CODEN: IJPBAR 
CY India 

DT Journal; Conference Article 
FS 004 Microbiology 

026 Immunology, Serology and Transplantation 

037 Drug Literature Index 

LA English 
SL English 



=> 



L24 ANSWER 1 OF 16 CAPLUS COPYRIGHT 2002 ACS 

AB A fusion protein which is combined by the Plasmodium 

merozoite surface protein- 1 (MS PI) and the 

Plasmodium apical membrane antigen 1 

(AMA-1) , the coding DNA sequence, the vector containing the sequence, the 
host cell containing the vector, and the genetic engineering method for 
preparing the fusion protein and the usage for producing 
anti-malarial vaccine. The AMA-1/MSP1 fusion protein of the 
present invention has excellent immunogenicity and could cause an 
effective immune response against Plasmodium. 
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AB Serine proteases play crucial roles in erythrocyte invasion by 

merozoites of the malaria parasite. Plasmodium falciparum subtilisin-like 
protease-1 (PfSUB-1) is synthesized during maturation of the 
intraerythrocytic parasite and accumulates in a set of merozoite secretory 
organelles, suggesting that it may play a role in host cell invasion or 
post-invasion events. We describe the production, purification, and 
characterization of recombinant PfSUB-1 and comparison with the 
authentic protease detectable in parasite extracts. The 
recombinant protease requires high levels of calcium for optimum 
activity and has an alkaline pH optimum. Using a series of decapeptide and 
protein substrates, PfSUB-1 was found to have a relaxed substrate 
specificity with regard to the PI position but is unable to efficiently 
cleave substrates with a PI leucine residue. Similarly, replacement of a 
P4 valine with alanine severely reduced cleavage efficiency, whereas its 
replacement with lysine abolished cleavage. In all respects investigated, 
the recombinant protease was indistinguishable from 
parasite-derived enzyme. Three-dimensional homology modeling of the 
PfSUB-1 catalytic domain based on an alignment with closely related 
bacterial subtilisins and an orthologue from the rodent malaria Plasmodium 
yoelii suggests that the protease has at least three potential calcium 
ion-binding sites, three intramolecular disulfide bridges, and a single 
free cysteine within the enzyme SI pocket. A predicted highly polar SI 
pocket and a hydrophobic S4 subsite are in broad agreement with the 
experimentally determined substrate specificity. 
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AB The authors tested a cytokine-enhanced, multiantigen, DNA priming and 
poxvirus boosting vaccine regimen for prevention of malaria in the 
Plasmodium knowlesi-rhesus macaque model system. Animals were primed with 
a mixt. of DNA plasmids encoding two pre-erythrocytic-stage proteins and 
two erythrocytic-stage proteins from P. knowlesi and combinations of the 
cytokines granulocyte-macrophage colony-stimulating factor, interleukin-4 , 
and tumor necrosis factor alpha and were boosted with a mixt. of four 
recombinant, attenuated vaccinia virus strains encoding the four 
P. knowlesi antigens. Two weeks after boosting, the geometric mean 
immunofluorescence titers in the immunized groups against sporozoites and 
infected erythrocytes ranged from 160 to 8096 and from 1810 to 5120, resp. 
The geometric mean anti-P. knowlesi circumsporozoite protein (PkCSP) 
titers ranged from 1761 to 24,242. Peripheral blood mononuclear cells 
(PBMC) from the immunized monkeys produced gamma interferon ( IFN- . gamma . ) 
in response to incubation with pooled peptides from the PkCSP at 
frequencies of 10 to 571 spot-forming cells/106 PBMC. Following challenge 
with 100 infectious P. knowlesi sporozoites, 2 of 11 immunized monkeys 
were sterilely protected, and 7 of the 9 infected monkeys resolved their 
parasitemias spontaneously. In contrast, all four controls became 
infected and required treatment for overwhelming parasitemia. Early 
protection was strongly assocd. with IFN-. gamma, responses against a pool 
of peptides from the pre-erythrocytic-stage antigen, PkCSP. These 
findings demonstrate that a multistage, multiantigen, DNA priming and 
poxvirus boosting vaccine regimen can protect nonhuman primates from an 
otherwise lethal malaria sporozoite challenge. 
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AB Although several malaria vaccine candidate antigens have been identified, 
the most suitable methods for their delivery are still being investigated. 
In this regard, direct immunization with DNA encoding these vaccine target 
antigens is an attractive alternative. Here, we have investigated the 
immune responses to DNA immunization with three major vaccine target 
antigens: the apical membrane antigen-1 and 
the 19-kDa C-terminal fragment of merozoite surface 
protein-1 from the erythrocytic stage, and the 

thrombospondin-related adhesive protein from the pre-erythrocytic stage of 
Plasmodium cynomolgi in rhesus monkeys. Antigen-specific antibodies were 
developed in all the immunized monkeys and peripheral blood mononuclear 
cells from all immunized monkeys proliferated to different extents upon in 
vitro stimulation with the corresponding recombinant proteins. 
The immunized monkeys were challenged with P. cynomolgi sporozoites. All 
of the immunized animals developed infection but although there was no 
significant difference between the control and vaccinated animals in terms 
of pre-patent period, total duration of patency and primary peak 
parasitemia, the vaccinated animals had significantly lower secondary peak 
parasitemia than the control animals. 
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AB Although several malaria vaccine candidate antigens have been identified, 
the most suitable methods for their delivery are still being investigated. 
In this regard, direct immunization with DNA encoding these vaccine target 
antigens is an attractive alternative. Here, we have investigated the 
immune responses to DNA immunization with three major vaccine target 
antigens: the apical membrane antigen-1 and 
the 19-kDa C-terminal fragment of merozoite surface 
protein-1 from the erythrocytic stage, and the 

thrombospondin-related adhesive protein from the pre-erythrocytic stage of 
Plasmodium cynomolgi in rhesus monkeys. Antigen-specific antibodies were 
developed in all the immunized monkeys and peripheral blood mononuclear 
cells from all immunized monkeys proliferated to different extents upon in 
vitro stimulation with the corresponding recombinant proteins. 
The immunized monkeys were challenged with P. cynomolgi sporozoites. All 
of the immunized animals developed infection but although there was no 
significant difference between the control and vaccinated animals in terms 
of pre-patent period, total duration of patency and primary peak 



parasitemia, the vaccinated animals had significantly lower secondary peak 

parasitemia than the control animals. 
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AB The demonstration of the i) acquired protective immunity in adults living 
in endemic areas, ii) cure of malaria patients with passive transfer of 
specific immunoglobulins, and iii) protection conferred by vaccination 
with sporozoites attenuated by radiation, justifies the search for a 
malaria vaccine. Given the improbability that a vaccine directed against a 
single antigen will be completely protective, the preferred option is to 
combine several antigens of different stages of the parasite in a 
multi-component multi-stage vaccine which is likely to protect both 
travellers and populations living in endemic areas. Potential technologies 
include recombinant proteins, synthetic peptides and DNA 

vaccines, the relevant genes encoding for malaria antigens being inserted 
into a plasmid or a live vector such as vaccinia or poxvirus. A number of 
human trials with several antigens and technologies have been carried out 
in the last ten years. Three vaccines have undergone testing in the field 
in phase lib or 111 trials. SPf66, including three synthetic peptides, has 
been extensively evaluated in different epidemiological settings. The 
overall efficacy was 23%, and only 2% in African infants, the most 
susceptible group. The circumsporozoite recombinant protein 
fused with the antigen S of the hepatitis B virus and formulated in a 
potent adjuvant (RTS,S) led to a high, but short-term, level or protection 
against infection and disease in Gambian adults. The first pure asexual 
blood-stage vaccine including three antigens of the merozoite stage (MSP1 

6 2 and RESA, Combination B) had an efficacy of 62% to reduce parasite 
density in Papua New Guinean children. A malaria vaccine that can reduce 
the burden of disease in the most affected populations is thus an 
achievable goal, each trial providing additional knowledge about 
mechanisms of protection as well as about vaccine technology. 
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AB A recombinant protein is provided which comprises peptides 

derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. The protein is useful as a reagent and, when combined with a 
pharmaceutically-acceptable vehicle or carrier, is useful as a vaccine 
against the malarial parasite Plasmodium falciparum . A genetic construct 
used to produce this recombinant protein vaccine is also 
described. In addn., antibodies to this recombinant protein are 
provided which are useful for the detection and measurement of peptides 
derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. Thus, antigen CDC/NIIMALVAC-1 was prepd. using a 
baculovirus/Sf21 cell system and tested as a vaccine. The CDC/NIIMALVAC-1 
antigen contains epitopes from the blood stage (MSP-1, MSP-2, AMA-1, 
EBA-175, and RAP-1) , the liver stage (LSA-1), the sporozoite stage (CSP 
and SSP-2), and the gametocyte stage (Pfg27). 
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AB Provided are hydrophobic targeting sequences, which may serve to target 

heterologous proteins to a variety of cellular membranes. In particular, 
the structural components of the nuclear envelope, or those components 
which become nucleus-associated, may be targeted with the sequences 
provided. Also provided are methods of targeting heterologous proteins 
to particular membranes, and the use of these targeted proteins in 
therapeutic, diagnostic and insecticidal applications. 
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AB Maternally derived antibodies are believed to protect infants against 

infection, but there is little direct evidence for a protective role of 
passively acquired antibodies against malaria. A longitudinal study of 
malaria infection in 143 infants was conducted in a region of southern 
Ghana where Plasmodium falciparum is endemic. Infants born in the 
high-transmission season were less likely to become infected in the first 
20 wk of life than children born in the low-transmission season. Plasma, 
obtained at birth, was tested for IgG and IgG subclasses to P. falciparum 
schizonts and recombinant circumsporozoite antigen, MSP-119, 
MSP-2, AMA-1, and Pfl55 (also called ring-infected erythrocyte surface 
antigen) . Antibody levels at birth were not assocd. with resistance to 
malaria infection. On the contrary, antibodies at birth were pos . assocd. 
with infection, indicating that high levels of maternally derived 
antibodies represent a marker for intensity of exposure to malaria 
infection in infants. However, all five children who experienced high-d. 
infections (>100 parasites/ . mu . 1 of blood) were seroneg. for MSP-119 at 
the time of infection. 
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AB Apical membrane Ag 1 (AMA1) is a leading malaria vaccine candidate. 

Homologues of AMA1 can induce protection in mice and monkeys, but the 
mechanism of immunity is not understood. rc;lice immunized with a 
refolded, recombinant, Plasmodium chabaudi AMA1 fragment (AMA1B) 
can withstand subsequent challenge with P, chabaudi adami . Here we show 
that CD4(+) T cell depletion, but not gamma delta T cell depletion, can 
cause a significant drop in antiparasite immunity in either immunized 
normal or immunized B cell KO mice. In normal mice, this loss of immunity 



is not accompanied by a decline in Ab levels. These observations indicate 
a role for AMA1 -specific Ab- independent T cell-mediated immunity. However, 
the loss of immunity in normal CD4(+) T cell-depleted mice is temporary. 
Furthermore, immunized B cell KO mice cannot survive infection, 
demonstrating the absolute importance of B cells, and presumably Ab, in 
AMAl-induced immunity, CD4(+) T cells specific for a cryptic conserved 
epitope on AMA1 can adoptively transfer protection to athymic (nu/nu) 
mice, the level of which is enhanced by cotransfer of rabbit 
anti-AMAl-specif ic antisera, Recipients of rabbit antisera alone do not 
survive. Some protected recipients of T cells plus antisera do not develop 
their own AMA 1-specific Ab response, suggesting that AMA 1-specific CMI 
alone can protect mice. These data are the first to demonstrate the 
specificity of any protective CMI response in malaria and have important 
implications for developing a malaria vaccine. 
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AB Compared with a single-stage antigen-based vaccine, a multistage and 

multivalent Plasmodium falciparum vaccine would be more efficacious by 
inducing "multiple layers" of immunity. The authors have constructed a 
synthetic gene that encodes for 12 B cell, 6 T cell proliferative, and 3 
cytotoxic T lymphocyte epitopes derived from 9 stage-specific P. 
falciparum antigens corresponding to the sporozoite, liver, erythrocytic 
asexual, and sexual stages. The gene was expressed in the baculovirus 
system, and a 41-kDa antigen, termed CDC/NIIMALVAC-1, was purified. 
Immunization in rabbits with the purified protein in the presence of 
different adjuvants generated antibody responses that recognized vaccine 
antigen, linear peptides contained in the vaccine, and all stages of P. 
falciparum. In vitro assays of protection revealed that the 
vaccine-elicited antibodies strongly inhibited sporozoite invasion of 
hepatoma cells and growth of blood-stage parasites in the presence of 
monocytes. These observations demonstrate that a multicomponent , 
multistage malaria vaccine can induce immune responses that inhibit 
parasite development of a multiple stages. The rationale and approach 
used in the development of a multicomponent P. falciparum vaccine will be 
useful in the development of a multispecies human malaria vaccine and 
vaccines against other infectious diseases. 
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AB We have previously cloned genes from multiple rodent malaria species 
exhibiting characteristics of the genes encoding Duffy binding 
like-erythrocyte binding proteins (DBL-EBP) . Homology is seen in the 
intron/exon structure of the genes and in the carboxyl terminal region 
(including the deduced carboxyl cysteine-rich domain) of the proteins they 
encode. However, the amino termini of these proteins are not homologous to 
the DBL-EBP but contain tandem cysteine-rich regions that are similar to 
the cysteine-rich region of AMA-1 (apical membrane 
antigen-1), a rhoptry protein. This new family of proteins has 
been termed MAEBL and these are paralogues of both AMA-1 and the DBL-EBP. 
Serum against the carboxyl cysteine-rich region of the Plasmodium yoelii 
YM MAEBL reacted to parasites with a punctate fluorescence pattern 
characteristic of apical organelle proteins and also localized MAEBL to 
the surface of merozoites within schizonts. This antiserum 
immunoprecipitated a protein doublet (120/128 kDa) that was unexpectedly 
insoluble when compared to members of the DBL-EBP. Characterization of 
MAEBL was extended through colocalization studies comparing the P. yoelii 
YM MAEBL to other parasite proteins. This protein appeared to be located 
in the rhoptry organelles as it colocalized with both AMA-1 and the P. 
yoelii 235 kDa rhoptry proteins within parasites. In addition, MAEBL is 
expressed relatively early in schizont development and appears on the 
merozoite surface after segmentation. Both the pattern and time of 
expression of the P. yoelii YM MAEBL are consistent with a rhoptry rather 
than a microneme protein. 
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AB The highly attenuated NY VAC vaccinia virus strain has been utilized to 
develop a multiantigen, multistage vaccine candidate for malaria, a 
disease that remains a serious global health problem and for which no 
highly effective vaccine exists. Genes encoding seven Plasmodium 
falciparum antigens derived from the sporozoite (circumsporozoite protein 
and sporozoite surface protein 2), liver (liver stage antigen 1), blood ( 
merozoite surface protein 1, serine repeat 



antigen, and apical membrane antigen 1), and 

sexual (25-kDa sexual-stage antigen) stages of the parasite life cycle 
were inserted into a single NY VAC genome to generate NYVAC-Pf7. Each of 
the seven antigens was expressed in NYVAC-Pf 7-inf ected culture cells, and 
the genotypic and phenotypic stability of the recombinant virus 
was demonstrated. When inoculated into rhesus monkeys, NYVAC-Pf7 was safe 
and well tolerated. Antibodies that recognize sporozoites, liver, blood, 
and sexual stages of P. falciparum were elicited. Specific antibody 
responses against four of the P. falciparum antigens (circumsporozoite 
protein, sporozoite surface protein 2, merozoite surface 
protein 1, and 25-kDa sexual-stage antigen) were characterized. 
The results demonstrate that NYVAC-Pf7 is an appropriate candidate vaccine 
for further evaluation in human clinical trials. 
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AB Recently it has become evident that the same candidate antigen can be 
shared by several of the parasite stages, and thus the concept of a 
multistage vaccine is becoming more and more attractive. A TDR Task Force 
evaluated the promise and stage of development of some 20 existing asexual 
blood stage candidate antigens and prepared a strategy for their 
development leading to clinical testing and field trials. Amongst these 
are merozoite surface protein 1 (MSP-1), 
Serine Rich Antigen (SERA) , Apical Membrane 

Antigen (AMA-1 ) , and Erythrocyte Binding Antigen (EBA) . A field 
study conducted in Tanzanian children showed that the SPf66 Colombian 
vaccine was safe, induced antibodies, and reduced the risk of developing 
clinical malaria by around 30%. This study, confirmed the potential of the 
vaccine to confer partial protection in areas of high as well as low 
intensity of transmission. Pfs25 is a leading candidate antigen for a 
transmission blocking vaccine. It is found in the ookinete stage of the 
parasite in the mosquito midgut. Gramme amounts of GMP-grade material have 
been produced and a vaccine based on the Pfs25 antigen formulated with 
alum should have gone into phase I and II clinical trials in the USA and 
Africa during 1995. Because the first malaria prototype vaccine to be 
tried out in people on a large scale has been the polymerized synthetic 
peptide developed by patarroye on the basis of the SPf66 antigen of P. 
falciparum, the results are with much interest. It is still premature to 
predict the effectiveness of this vaccine globally, but its development 
will encourage further progress in a field that has repeatedly been 
characterized by raised and then dashed drops. These various vaccines are 
based on the classical approach to vaccination, which is to raise host 
immunity against the parasite so as to reduce parasite densities or to 
sterilize an infection. A newer approach is development of antidisease 
vaccines which aim to alleviate morbidity by suppressing immunopathology 
in the host. Antidisease vaccines are based on neutralizing parasite 
components that induce host pathology, leaving the parasite itself 
directly unaffected. These effects would accru when each type of the 
disease is considered by itself; however, synergistic effects may be 
expected when they are used in combination. The rational for vaccines 
based on any of these stages was that immunization of various hosts with 



whole parasites of each of these stages has been able to induce protection 
or total transmission-blocking immunity. Less significant but not to be 
discounted is the fact that natural malaria infections in humans have been 
shown to induce immunity against every one of these parasite stages that 
are present only in the mosquito vector with component molecules not 
presented to the human host, such as exclusively ookinete antigens. For 
several very apparent reasons a vaccine today is conceived of as subunit 
as opposed to show 1 parasite vaccines, either in the form of a 
recombinant product or as synthetic peptide constructs. Genes 
coding for several antigens of P. falciparum and some of P. vivax have 
been seems to be common to many Plasmodium antigens; this is that they 
contain tandem repeats of oligopeptide sequences which often code for 
immunodominant epitopes. Following several decades of research on malaria 
vaccine development, the field at a glace may present a conflicting 
picture, with several achievements, and some disappointments and 
controversies. Issues facing the development of a malaria vaccine are 
complex. It is not clear how far we may yet be from achieving this goal. 
The work of the past decades has laid an extensive foundation of relevant 
knowledge and technologies, and the goal itself remains as important as 
ever, will scientists remain committed to this objective?. 
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